We present a technique of using a stream of single flux quantum (SFQ) pulses magnetically coupled to the qubit junction to control the state of a rf-SQUID qubit. This momentarily suppresses the critical current of the junction and lowers the potential barrier so the tunneling oscillation frequency is increased. It has been recognized for at least two decades that the rf-SQUID (which is a superconducting loop interrupted by a Josephson junction) may present an opportunity to observe quantum coherent behavior in a macroscopic system [1] . About four years ago the rf-SQUID was proposed as a candidate to serve as the qubit for a possible superconducting quantum computer [2] . Very recently evidence for the existence of the superposition of macroscopically distinct states in the rf SQUID [3] and in the similar persistent current qubit [4, 5] has been presented.
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In this paper we propose to use a stream of single flux quantum (SFQ) pulses magnetically coupled to the qubit junction to control the quantum state of an rf-SQUID qubit. In our proposed scheme, the rf-SQUID is biased at one-half flux quantum so that the potential is a symmetric double well. The SQUID loop inductance and junction critical current are chosen such that there are four energy levels below the potential barrier height. The first two energy levels, of even and odd parity, and separated by about 50 MHz, provide the qubit states. The superposition of the lowest two energy levels yields a "flux state" for which the wavefunction oscillates between the two potential wells at the beat frequency of the two energy levels. At certain times the wavefunction is localized in one or the other of the potential wells with the expectation value of the total flux linking the SQUID being somewhat greater than or less than one-half flux quantum. This corresponds to a macroscopic current in the SQUID loop circulating in one or the other direction.
Since the first two energy levels are nearly degenerate for the chosen rf SQUID parameters, the coherent oscillation of the flux between the two wells proceeds on a relatively slow time scale, on the order of tens of nanoseconds or longer. Under this condition the rf SQUID may be considered to be in a quasi-static "flux" state for the time-scales of interest. In our proposed scheme, we employ the magnetic field generated by an SFQ pulse propagating on a transmission line magnetically coupled to the rf SQUID Josephson junction to suppress its critical current and thereby lower the central barrier of the two well potential. This effectively accelerates the sinusoidal oscillation of the flux between the two wells. By applying a sequence of SFQ pulses with carefully timed inter-pulse spacing we may control the oscillation of the flux in the rf SQUID and bring its state to any linear combination of the two flux states. At the end of the SFQ pulse train the potential barrier reverts to its original height and the system is effectively frozen in the superposition that resulted from the interaction with the SFQ pulse sequence. This is our proposed means of rotating the state vector of the SQUID qubit.
We plan to control the critical current by using a microstrip line located above the double junction SQUID down which SFQ pulses may be propagated. In practice we need only suppress the critical current by 1% to 2%. For simplicity we idealize the stream of SFQ pulses serving to suppress the SQUID junction critical current as a square wave of time with the duration of a SFQ pulse . In Fig. 1 we show the result of the simulation for one particular choice of the SFQ pulse stream timing. The simulation is done this way: first, one calculates the eigenfunctions and energy eigenvalues in the two potentials that correspond to the two slightly different critical currents; then one chooses an initial wavefunction, usually the equal superposition of the lowest two energy levels in the unperturbed potential. The next step is to propagate the wavefunction forward in time in the unperturbed potential until the time when the first SFQ pulse lowers the SQUID critical current. At this instant the current wavefunction is projected onto the eigenfunctions of the new potential; normally we need to only consider the first 10 eigenfunctions. After finding the representation of the wavefunction in the perturbed basis states we may once again propagate the wavefunction forward in time for a time
, while the SFQ pulse interacts with the SQUID junction. At the end of the interval the wavefunction is projected back onto the unperturbed basis states and the entire process is repeated as indicated by the SFQ pulse stream. In the case shown we assume that ¡ ¢ is 3 psec and that ¡ ¤ is 25.9 psec. It is assumed that the SQUID junction critical current is suppressed by 1%. In the figure the probability of occupation of each of Fig. 1 . Results of the numerical simulation of the rf-SQUID interacting with a SFQ pulse stream. The SQUID parameters are:
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the first four energy levels is plotted versus time. Also plotted is the probability of finding the system in the right or left hand potential wells versus time. For the specific choice of inter-pulse timing there is large transfer of probability between the 1st and 3rd energy levels. For a slightly different value of inter-pulse timing, ¡ £ ¤ = 23.9 psec, a strong interaction between the 2nd and 4th energy levels arises and a similarly appearing plot results. The key to speeding up the coherent oscillation of the flux is to excite the system to one of the higher energy levels, in which the phase of the wavefunction evolves more rapidly. Then after a specific time interval has elapsed one must transfer all the probability back to the lowest two energy levels.
